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THE STUDY OF RESERVOIR FLUIDS BY 
SURFACE RECOMBINATION EXPERIMENTS. 


By H. G. Borser and M. Musxkart.* 


As the rate of discovery of new petroleum reserves lags farther and farther 
behind consumption, production technique becomes ever more important. 
To obtain maximum recovery the petroleum engineer needs to know as 
much as possible, not only about the reservoir itself, but also about the 
fluids being produced. Essential production data may be generally 
divided into two broad categories: information about the reservoir 
(largely obtained from core analysis and well logging) and information 
about the petroleum fluids (P-V-T data). 

In recent years, recognition of the importance of P-V-T data has grown 
rapidly.t In general these data on reservoir fluids are obtained in either 
of two ways: by bottom-hole sample analysis, or by recombination of 
fluids as produced at the surface. The apparatus described below for 
surface recombination experiments was not developed primarily for high 
accuracy, but rather with a view to obtaining as much simplicity of con- 
struction as possible to afford speed of manipulation, with as good accuracy 
as these factors would permit. The resulting over-all error for a single 
experiment is believed to be about 1 to 2 per cent., which is adequate for 
field use. Greater accuracy may, of course, be obtained by averaging two 
or more experiments. It is customary to perform at least two, and usually 
three, check experiments on a given set of samples, thus reducing the prob- 
able error. 

The following is a description, in more or less general terms, of the 
procedure followed by this laboratory in procuring and studying surface 
samples by the recombination method, using for illustrative purposes the 
data obtained in experiments on the fluids from the Oak Canyon Field, 
California. 


Fretp SAMPLING. 


The first step in making the recombination experiments is that of obtain- 
ing the field samples. This is an important operation, for if the samples 
are not properly taken, the entire experiments are worthless. More than 
this, the results of the experiments on faulty samples, which are not known 
to be faulty, may be applied to field practice, with possible misinterpreta- 
tion of the reservoir performance. Since there is no fundamental check 
on the accuracy of field sampling, it should be done with great care, and all 
precautions suggested by the laboratory should be carefully observed. 
Field sampling itself may be divided into two parts: obtaining the 
sample, and preparing it for shipment to the laboratory. The latter step 


* Gulf Research and Development Company, Pittsburgh, Pennsylvania 
t A very thorough presentation of the thermod ic Pam oe saa of P-V-T data 
is given in the recent book by Sage and Lacey, “‘ Volumetric and Phase Behaviour of 
Hydrocarbons.” 
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is important, for improper packing occasionally results in leakage from the 
container en route, so that the entire sampling must be repeated, with 
resultant expense and loss of time. 

The oil and gas samples should be taken simultaneously from the separa- 
tor, and it is desirable, in order to facilitate experimental procedure and 
ensure obtaining enough gas for the experiments, that these samples be 
taken at pressures above 100 p.s.i. gauge, if possible. The well should be 
flowing under steady conditions when the samples are taken. 

Two containers are provided by the laboratory, a large one for the gas 
sample and a small one for the liquid. The large gas container is a standard 
220-cubic-foot oxygen tank. This tank is evacuated to a pressure less than 
1 mm. Hg at the laboratory. It is recommended that the vacuum be tested 
on receipt in the field. If the vacuum is practically complete, the gas tank 
is connected to the separator and filled with gas. It should then be dis. 
connected and valved to atmospheric pressure and reconnected to the 
separator, preparatory to taking the final gas sample. If the vacuum 
check shows an incomplete vacuum, or if no vacuum check is possible, the 
procedure of filling the tank with separator gas and valving to atmospheric 
should be repeated at least four or five times before taking the final sample. 

The liquid container is a modified standard small gas tank, 4 inches O.D. 
and about 14 inches long. Its volumetric capacity is 3 litres. Normally 
this tank has a valve only on one end, but for use as a liquid container, a 
boss is welded on to the bottom, and is drilled and tapped to take a standard 
Kerotest oxygen valve. After the tank has been thus modified, it is tested 
hydraulically at 2000 p.s.i. gauge. Since there is a valve on each end of 
the liquid tank, it may be filled with liquid by displacement. The valve is 
connected to the separator and is opened. The other (outlet) valve is 
then barely cracked to maintain nearly full back pressure on the container 
while filling with liquid. The container should be connected in a vertical 
position, so that the inlet valve is at the bottom. After all the free gas in 
the container is bled off through the outlet valve, maintaining high back 
pressure, a volume of liquid equal at least to the container volume should 
be bled through the cracked outlet valve, since the initial liquid expanding 
from the separator into the container has lost some of its gas and is no 
longer representative of the separator liquid. An alternative method of 
filling is to fill the liquid container with separator gas at separator pressure 
before attaching to the liquid connection on the separator. Then when the 
container is filled with liquid it is not necessary to bleed off an excess 
volume of liquid, since the pressure on the liquid has not been reduced in 
the filling process, and the liquid has been in contact only with separator 
gas at separator pressure. 

At the time of sampling, data should be taken on the producing gas-oil 
ratio. The reservoir temperature should also be known. Separator 
temperature and pressure should be recorded, since, at the laboratory, if 
the pressures on the samples are appreciably different from separator 
pressures (with suitable temperature corrections), either incorrect sampling 
or leakage en route is assumed. Table I contains a typical set of field 
data. 

Before shipping the liquid sample, 200-300 ml. of liquid should be bled 
off to give a small free gas space in the container to take care of temperature 
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changes during shipment. The liquid container is packed in a heavy 
wooden box with internal cleats so placed as to hold the valves away from 
any contact with the ends of the box, otherwise the jouncing occurring in 
transit is very apt to work one or both valves open, with resulting loss of 
sample. 


LABORATORY PROCEDURE. 


When the samples are received at the laboratory, they are tested for 
pressure to determine whether any leakage has occurred en route. 
The following data are then obtained on the fluid samples : 
Separator gas samples : 
Chemical analysis. 
Specific gravity. 
Deviation factor at 100° C. 
Deviation factor at reservoir temperature. 


Oil sample : 
Expansion factor and gas content between separator pressure and 
atmospheric at room temperature. 
Expansion factor and gas content between separator pressure and 
atmospheric at reservoir temperature. 
Gravity of residual oils from both of the above experiments. 


Combined oil and gas samples : 
Gas solubility at reservoir temperature and pressure, and at inter- 
mediate pressures down to atmospheric. 
Expansion factor of oil at reservoir temperature, pressure, and gas— 
oil ratio, and at intermediate pressures down to atmospheric. 
Formation volumes at desired temperatures, pressures, and gas—oil 
ratios. 


DESCRIPTION OF APPARATUS. 


The literature contains numerous references 1-* to apparatus for P-V-T 
studies on petroleum fluids. Each laboratory has its own particular 
situation to meet, and therefore has its own preferred modification of the 
fundamental basic design common to all such equipment. No claim of 
originality is made for the apparatus to be described ; it is simply the result 
of the necessary compromises and adaptations which are inherent in the 
design of any similarly complicated equipment. As stated above, an 
attempt was made to attain as much simplicity as possible with any 
concomitant facility of manipulation, the accuracy desired being only 
that necessary for field application of the experimental results. 

The apparatus is shown semi-diagrammatically in Fig. 1. A is the gas 
sample tank as received from the field. B and C are the two stainless 
steel cylinders of the oil-mercury gas compressor, pumping oil from reser- 
voir Z into cylinder B, which displaces mercury from B into C, compressing 
the gasinC. F isa 7500-p.s.i. Heise gauge which measures the gas pressure 
during compression. G@ are two 2-volt electric bulbs, each connected, as 
shown by the circuit diagram, between a top and bottom contact in each 
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cylinder. The electrical circuit is such that when the mercury level is 

below the bottom contact of either cylinder, the corresponding light is out, 

and when the mercury level is between the bottom and top contacts the 

lights burn dimly, flashing to bright when the mercury reaches the top 


Fia. 1. 


DIAGRAM OF P-V-T APPARATUS. 


contact. The volume of cylinder C, between the top and bottom contact, 
is known to within about 0-05 per cent. and amounts to 938-7 ml. The 
compression system and lead lines as far as valve 3 are insulated and elec- 
trically heated to a constant temperature of 100° C. This prevents the 
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ssible condensation of ethane and propane during compression, since 
their critical temperatures are below 100° C. 

The fluid samples are brought to equilibrium at the desired temperature 
and pressure in the stainless-steel bomb H (volumetric capacity 131 ml.), 
which is supported on a mechanical rocking mechanism * (not shown) in 
bath J. As seen from the diagram, the bath is electrically heated and 
thermostated, and is stirred by two electric stirrers (only one shown). 

The fluid volumes in the bomb H are controlled by injecting or with- 
drawing mercury by means of a calibrated mercury displacement pump K, 
whose displacement is known and can be read at any point by means 
of a Veeder counter to within 0-02 ml., since each number on the counter 
corresponds to that volume. The pressure on the system is read from 
the 7500 p.s.i. Heise gauge LZ, or at low pressures from the 2000 p.s.i. 
Bellows type gauge P. Fig. 2 is a photograph of the apparatus, showing 
the bomb H connected to the lead line N, through which the gas sample 


is added. 
EXPERIMENTAL PROCEDURE. 
Experiments on Separator Gas. 


- The chemical analysis of the gas and its specific gravity determination 
are obtained by standard methods. The following is the analysis of the 
separator gas sample from the Oak Canyon Field : Air, 0-7% ; CH,, 84:7% ; 
C,H,, 70%; CsH,, C,Hyo, 2:2%; Cs,, 03%. Total 100-0%. 
Specific gravity of separator gas = 0-669. 

It is necessary to know the deviation factor for the separator gas at 
100° C. in order to calculate the volume of gas added to the oil in the 
flash recombination of the fluids. This is determined by the following 
procedure. The reservoir bomb H is filled with separator gas at separator 
pressure or slightly higher (at least 100 p.s.i.). The bomb is then con- 
nected to the mercury displacement pump K, placed in the bath at 100° C., 
and mercury is forced into the bomb raising the pressure. The volume of 
mercury input (corrected for compressibility of the compressor system) is 
recorded for corresponding pressures, care being taken to allow thermal 
equilibrium to be attained before reading the pressure. After the gas has 
been compressed to the maximum pressure desired, the mercury is with- 
drawn by reversing the compressor stroke, pressures and volumes being 
recorded for the same pressure points as were recorded for the intervals of 
pressure increase. With careful operation, the mercury volumes for corres- 
ponding pressure intervals agree to within 0-04 ml. This procedure may 
be repeated by reinjection of the mercury to check any questionable 
points. 

After the pressure is reduced to its original value, the gas is bled off 
through a wet-test gas meter, and the volume corrected to 60° F. and 14-7 
p.s.i. Knowing the volume of the gas at standard conditions and its 


* This mechanism, designed by Mr. E. Topanelian, Jr., of this laboratory, is very 
effective. The bomb may be placed in either the horizontal or vertical ition by 
merely loosening a set screw and adjusting, and is rocked at any desteod frequency 
through a 15° angle on either side of the neutral position. 
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volume in the bomb at the various pressures, the deviation factor is calcu. 
lated using the relation : 
_ P,V,T, 


(1)* 


where P, represents the absolute pressure in the bomb; V, the volume 
occupied by the gas in the bomb (volume of bomb-total volume of mercury 
introduced); and 7’, the absolute temperature. P, is 14-7 p.s.i. and 7, 
is 288-6° K., while V, is the gas volume at 60° F., (288-6° K.), and 14-7 p.s.i. 
Although the lowest pressure at which the container volume, V ,, is measured 
is generally 100 p.s.i. or higher, the deviation factor curve may be easily 
extrapolated to atmospheric pressure, since at this pressure the deviation 
factor must equal 1, by the definition of Eq. (1). Sample experimental 
data obtained by this procedure are plotted in Fig. 3. 

The deviation factor at reservoir temperature is also determined in a 
similar manner. 

Experiments on Separator Oil. 


In order to determine the total volume of gas input by flash recombina- 
tion between atmospheric and reservoir conditions, it is necessary to know 
the expansion factor and gas solubility for the oil, between separator 
pressure and atmospheric, at room temperature. These data are obtained 
as follows: The reservoir bomb 4H is filled with mercury, and connected 
to the oil sample container. A volume of mercury equal to the volume of oil 
sample desired is withdrawn at a very slow rate, so that the pressure in 
the bomb will not be appreciably below that in the sample container. 
The volume of mercury withdrawn, usually about 60 ml., is determined 
by weighing. When the bomb contains the desired volume of oil, it is 
disconnected from the sample container and additional mercury is with- 
drawn to create a free gas space in the bomb. The purpose of this is to 
prevent oil frothing out of the bomb when gas is bled off and the pressure 
drops. The top valve of the bomb is next connected, through a glass 
trap graduated in 0-1 ml., to a wet-test gas meter. The trap is to collect 
and measure any small amount of oil that, in spite of the free gas space, 
may be carried over with the gas while the latter is slowly bled off to 
atmospheric pressure. The oil and residual mercury are withdrawn 
through the bottom valve and their volumes determined by weighing. ‘The 
gravity of the residual oil is determined. Drainage loss in the bomb must 
be corrected for. This correction is obtained by introducing a weighed 
amount of oil into the clean, dry bomb and determining the loss on draining 
it out. 

From the volume of gas through the gas meter plus the volume of the 
free gas left in the bomb, corrected to standard conditions, and the initial 
and final volumes of oil, the gas solubility and expansion factor at separator 
pressure are known. 

It is also of value to know the effect of temperature on the gas solubility 
and the volume of residual oil between separator and atmospheric pressure. 


* Knowing the analysis of the gas, and hence its average molecular weight, the 
absolute deviation factors could be readily calculated from the data. However, for 
practical purposes the definition adopted in Eq. (1) is of more immediate interest. 
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DEVIATION FACTOR FOR SEPARATOR GAS. 
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Hence the above experiment is repeated at reservoir temperature. All of 
these experiments are, of course, performed at least twice, and more if 
necessary to get consistent results. 


Recombination of Oil and Gas Samples. 


The information obtained from the above preliminary experiments 
may now be used to determine suitable volumes of oil and gas required 
for flash recombination. 

The experiments may be performed with two basic types of recombina- 
tion ratios: one in which the producing gas—oil ratio is used, and the 
other in which the actual solution ratio is used. In the former case an 
appropriate amount of oil is introduced into the bomb and a volume of 
gas corresponding to the producing gas—oil ratio at the time of sampling 
is added. Saturation is obtained at the desired pressure as described 
below, and excess gas is bled off and measured. This will give the fraction 
of the produced gas which entered the well as free gas, the rest being in 
solution at the bottom-hole temperature and pressure. In the second 
method of recombination an effort is made to put into the bomb just enough 
gas to saturate the oil at the desired bottom-hole temperature and pressure, 
regardless of the producing gas-oil ratio. In practice a slight excess of 
gas is always added to assure reaching complete saturation. The slight 
excess of gas has been shown experimentally to have a negligible effect on 
the bubble-point ratio at the desired pressure. Although the former 
method is simpler, the use of a specific gas—oil ratio is of no significance 
unless the well is a typical or average well with respect to the field as a 
whole. Moreover, in the latter method one obtains data for what is in 
effect a bubble-point liquid, as is the case when a bottom-hole sampler is 
used. 

In the recombination experiment, the oil sample is introduced into the 
bomb as before, by mercury displacement. Excess mercury is then with- 
drawn to create a free gas space in the bomb, which is then placed in the 
shaking mechanism above the bath, and connected to the mercury dis- 
placement pump K, and to the mercury-gas compressor. The volume of 
separator gas required to give the bubble-point liquid or desired gas—oil 
ratio with the amount of liquid in the bomb is estimated. Knowing the 
volume of the mercury-gas compressor system and the deviation factor of 
the gas, the calculated amount of gas is then introduced into the bomb by 
suitable manipulation of the compressor. Check experiments have shown 
that the amount of gas actually introduced into the reservoir bomb agrees 
to within 1 per cent. with that calculated. 

The bomb, containing the well fluids, is then disconnected from the 
compressor system and lowered into the bath. While it is coming to bath 
temperature, the compressibility of the mercury displacement pump 
system is determined. The mechanical shaker is set in the horizontal 
position and the bomb is shaken by rocking. After rocking for several 
minutes, the bomb is turned to the vertical position and the valve 4 con- 
nected to the displacement pump is opened. The pressure in the bomb is 
noted and mercury is pumped into the bomb until a desired higher pressure 
is obtained, after which valve 4 is closed, the bomb turned to the horizontal 
position and again shaken. This process is repeated until the desired 
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saturation pressure is reached. At each step, of course, record is kept of 
the amount of mercury added to the bomb and the equilibrium pressure 
attained after each shaking. If at the final pressure the bomb is rocked 
for two 15-minute periods with no change in pressure, it is assumed that 
equilibrium has been attained. 

The bomb is next placed in the vertical position preparatory to bleeding 
off excess gas at constant pressure by mercury injection.* A steel lead is 
attached to the top of the bomb. This lead is connected through a gradu- 
ated glass separator and trap to the wet-test gas meter. After the separator 
is a bubble bottle, consisting of a glass delivery tube just dipping below 
a water surface, so that the rate of bleed-off of gas may be observed by the 
rate of bubbling. The bleed-off rate must be kept slow enough so that the 
pressure in the bomb may be maintained constant by pumping in mercury. 
The rate of flow of the gas through the bubble bottle must be slow enough so 
that individual bubbles are formed, and the end of the bleed-off is deter- 
mined by the cessation of the bubbling. This has been found to be a very 
simple and effective way of controlling the bleeding-off process. 

There is an additional check on the end point of the bleed-off (the point 
at which all free gas has been displaced from the bomb H). Inthe bomb H 
just below the top is fixed a very fine platinum resistance wire which is 
connected as one arm of a bridge circuit in which is a sensitive galvanometer. 
A constant current is passed through the platinum wire and the bridge is 
balanced. When the oil surface touches the wire, the cooling effect changes 
the wire’s resistance and a deflection is observed on the galvanometer. 
This is the method used by Sage and Lacey.* In bomb H this platinum 
wire contact is 4-2 ml. bélow the valve 3. When the oil surface reaches 
this point, 4-2 ml. additional mercury may be pumped into the bomb 
before all the free gas is displaced. Thus the mercury pump counter 
reading and the cessation of bubbling serve as mutual checks on the com- 
plete displacement of free gas from the bomb. 

When the free gas has all been displaced, the volume of oil present is 
obtained by subtracting the total volume of mercury from the volume of 
the bomb. The former is simply the sum of that initially present and that 
added in displacing the free gas. These volumes must, of course, always be 
corrected for expansion to the bath temperature, and for compressibility 
of the mercury pump system. 

The difference between the volume of gas bled off and the total volume 
of gas added to the bomb H (including that in solution in the separator 
oil) is the volume which has gone into solution by flash recombination. 
From this the flash recombination gas—oil ratio is known. 

The volume of liquid in the bomb at bath temperature divided by the 
volume of stock-tank liquid originally placed in the bomb (calculated to 
60° F.) gives the expansion factor for the oil at the appropriate saturation 
pressure. 

After all the free gas has been displaced from bomb H, the outlet valve 3 
is closed and mercury withdrawn by reversing the mercury pump stroke. 
The pressure drops, and the bomb is shaken in the vertical position by the 


* From this point on the procedure is essentially the same as used in bottom-hole 
sample analysis, and is presented here for the sake of completeness. 
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mechanical shaker. Mercury is withdrawn during shaking until the desired 
pressure is obtained. When it appears that equilibrium is reached, the 
bomb is turned to the horizontal position and shaken for a few minutes 
to assure complete equilibrium. After shaking, the bomb is accurately 
levelled in the vertical position (to get an accurate reading on the platinum 
wire contact) and allowed to stand for several minutes to permit any froth 
formed during the gas evolution to subside. The above described pro- 
cedure of gas bleed-off is repeated and a new liquid volume is measured. 

The volume of mercury pumped into the bomb during a gas bleed-oif 
at constant pressure is a measure of the volume occupied by that gas at 
that pressure and at bath temperature, and hence from this it is possible 
to calculate the deviation factor for this gas in contact with the saturate: 
oil, at each pressure interval, using Eq. (1). This pressure reduction 
and bleed-off procedure is repeated at appropriate pressure intervals 
(usually 150-400 lb.) between the maximum saturation pressure and 
about 200 p.s.i. When the pressure reaches the latter value, about 10 or 
20 ml. of mercury are withdrawn from bomb H, the valve is closed and 
after allowing sufficient time for any frothing in the bomb to subside, the 
remaining gas is slowly bled off through the gas meter until the pressure in 
the bomb reaches atmospheric. The bomb is then removed from the bath 
and cooled to room temperature. The mercury and oil remaining in the 
bomb are drawn off into a weighed, 100-ml. graduate. The weight of mer- 
cury and oil are obtained, and a sample of the oil taken for specific gravity 
determination, while the mercury is cleaned with a solvent such as carbon 
tetrachloride and weighed. The volume of mercury remaining in the bomb, 
as obtained by weight, should check the amount calculated from the mercury 
pump counter reading within a few hundredths of a ml. After the specific 
gravity of the oil has been determined, the volume is calculated from the 
weight. To this is added the volume, if any, in the glass trap and the 
drainage correction, to obtain the total residual oil. The results from a 
solubility experiment on the Oak Canyon fluids are given in Table IT and 
plotted in Fig. 4. 

The gas solubility at each pressure is calculated, of course, by adding all 
the gas which has come out of solution between that pressure and atmo- 
spheric. The total gas in solution at each pressure divided by the volume 
of oil (either stock tank or residual) is the gas solubility for that pressure. 
We have adopted the practice of expressing results in terms of stock tank 
oil, since that is the unit in terms of which most field data are expressed. 
To change the results to the basis of residual oil, it is only necessary to 
multiply by the ratio of the volume of stock-tank oil to the volume of 
residual oil. 

The ideal P-V-T experiment would be designed to duplicate the pressure 
temperature relations of the reservoir fluids throughout their production 
history. This is impractical, for several reasons, the principal one being 
that we do not know the details of the production history of the fluids : 
we do not know how nearly isothermal the process is or to what extent 
the pressure decline-gas evolution is flash or differential. Therefore, it 
has been convenient to limit the experimental procedure to an isothermal 
process, and (particularly in the case of bottom-hole samples) results of 
gas solubility experiments are frequently expressed in terms of residual oil, 
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which is the oil left in the bomb, or sampler, after all the gas has been bled 
off at reservoir temperature. In actual production, however, as the oil 
and gas flow up the well, the temperature is decreasing due to the expansion 
of the oil and gas as the pressure declines. Therefore, since gas solubility 
in the oil is a function of the temperature, the cooler oil will retain more 
gas in solution than if its temperature had remained at the reservoir value. 
To eliminate this extraneous factor of the effect of the temperature of gas 
evolution on the volume of residual oil, it seems best to express both the 
gas solubility and expansion factors in terms of stock-tank oil. The 
latter, of course, is also the unit in which the actual producing gas-—oil 
ratios are measured. To convert in terms of residual oil, in case the latter 
is desired, a numerical multiplier is used. 

Another point to be noted is that the pressure decline during the flow of 
the gas and oil to the surface results in essentially flash liberation of the 
dissolved gas, whereas the process of gas evolution within the reservoir itself 
probably approximates more closely that of differential liberation. Now, 
the former will lead to a smaller volume of residual oil than the latter, while 
the volume of gas evolved will be greater for flash liberation. Hence the 
input gas solubility, as determined by the recombination of stock-tank oil 
and stock-tank gas, and representing the result of a flash recombination, 
is more representative of the actual solubility of the gas produced at the 
surface which has been released by flash liberation, than is that obtained 
by differential liberation of the gas from the saturated oil at reservoir 
temperature. 

Thus the input gas solubility, when compared with the producing gas-oil 
ratio, will be directly applicable to a calculation of the free gas entering the 
flow-string, if any, or to the determination of the degree of under-saturation 
of the oil. On the other hand, the curve of differential-liberation gas 
solubility vs. pressure will apply to the equilibrium conditions within the 
reservoir itself as its pressure declines. 

In most of the recombination experiments the input gas-oil ratio is 
lower than that obtained by differential liberation. This appears to be in 
contradiction to the statements above. A consideration of the thermal 
conditions will explain this difference. The recombination experiment is 
begun with oil containing all its dissolved gas at room temperature. The 
separator gas is added and the bomb brought to reservoir conditions. 
After equilibrium is attained, the gas is bled off at constant reservoir 
temperature. As the gas solubility will be lower and vapour pressure of 
the residual oil will be higher at the reservoir temperature, the oil sample 
in the bomb may give off more gas and vapour than the volume of input 
gas, even though the differential liberation process itself tends to yield 
less gas than flash liberation. For the same reason the stock-tank and 
residual oil volumes should not be directly comparable. This discrepancy 
is mentioned in a report by Eilerts and Schellhardt,!° in which the average 
molecular weight of the stock-tank liquid (C,,) from a well is given as 
139-9, while that of the residue from isothermal gas liberation at 228° F. 
is 163-7 for C,,, indicating that the liquid obtained by isothermal gas 
liberation may be appreciably different from that obtained by the well- 
production process. It is clear that the closer the reservoir temperature is 
to room temperature, the more closely the relative volumes as obtained 
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by flash recombination and differential liberation will approach their 
proper theoretical relationships. 


ForMATION VOLUME STUDIES. 


A knowledge of the volume occupied by oil and gas in the reservoir 
under various conditions has a number of applications in connection with 
problems of production and in estimating reserves. The term “ formation 
volume ” means the volume occupied by unit volume of stock-tank oil 
(60° F. and 14-7 p.s.i) and the corresponding amount of gas for a given 
gas-oil ratio, at the reservoir or any other specified temperature and 
pressure. 
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The procedure for determining formation volumes with this apparatus 
is quite simple. The proper amounts of oil and gas to give a desired gas-— 
oil ratio are introduced into the bomb H in the manner described above. 
The bomb is connected to the mercury displacement pump and placed in 
the constant-temperature bath. After thermal equilibrium is attained, 
the pressure is increased by pumping mercury into the bomb, which is 
then shaken to facilitate solution. By alternately pumping mercury in 
or out of the bomb and shaking, equilibrium may be reached at any desired 
pressure. Knowing the total volume of mercury in the bomb, the formation 
volume of the oil and gas is directly obtained. Usually a series of tempera- 
tures is chosen, at each of which the formation volume will be determined 
for a series of pressures, both ascending and descending. These may be 
made on the same sample for a fixed gas-oil ratio. After measurements 
have been completed at the appropriate number of temperatures, a new 
sample with a different gas—oil ratio is taken, and the measurements are 
repeated. The data thus obtained are tabulated as shown in Table III. 
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In Fig. 5 are plotted the data for one temperature (the Oak Canyon reser- 
voir temperature). 

In order to obtain the bubble point accurately, the mercury pump 
counter readings in the vicinity of the bubble point are plotted vs. the 
pressure. The intersection of the two curves is the bubble-point pressure, 
and the bubble-point volume may be calculated from the corresponding 
counter reading. One of these curves is shown in Fig. 6. The slope of the 
curve is a measure of the compressibility of the fluid. Below the bubble 
point a comparatively high compressibility is indicated by the steep slope, 
while above the bubble point the relative incompressibility of the liquid is 
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shown by the very slight slope of the straight line. The slope of the two- 

phase portion of the curve will vary appreciably, depending on the gas-—oil 

ratio, the higher the gas-oil ratio, the flatter the slope of the two-phase 
rtion. 

From the intercepts of the bubble point and the two-phase curves of 
Fig. 5, the curve relating bubble-point pressure to gas—oil ratio at a given 
temperature may be obtained. To do this accurately, the data of Table 
III should be plotted on an expanded scale and the intercepts should be 
read as carefully as possible. The curve so obtained from an expanded 
plot of Fig. 5 is shown in Fig. 7, which also includes curves for the other 
two experimental temperatures. Another method of presenting the data 
of Fig. 5 is shown in Fig. 8. 


CoNCLUSIONS. 


In order to use successfully the apparatus and method described above, 
considerable care is required in all the volumetric measurements and 
manipulations. The volumes involved are comparatively small, and hence 
must be measured precisely to avoid errors exceeding 1 per cent. especially 
in the results on gas-deviation and oil-expansion factors. The method is 
relatively laborious, in that several preliminary experiments on the dry 
gas and separator oil are necessary before proceeding with the final recom- 
bination procedure. An important advantage of the method is that 
samples may be taken at the well with a minimum of interference with 
regular production, and at comparatively low cost. Furthermore, one set 
of samples is adequate for a number of duplicate experiments, so that any 
sporadic and possibly undetected errors which might occur in a single 
experiment are eliminated by this procedure. Additional information 
regarding the deviation factor for saturated gas in contact with the oil is 
also available by this method, and all results are directly obtained in terms 
of both residual oil and stock-tank oil. One set of samples suffices not 
only for expansion factor-solubility experiments, but also for formation 
volume studies if these are desired. 

The authors wish to acknowledge the co-operation and assistance of 
Dr. W. N. Arnquist, formerly of this laboratory, in the design of the appa- 
ratus and in the preliminary experimental work ; to thank Dr. P. D. Foote, 
Executive Vice-President of the Gulf Research & Development Co., for 
permission to publish this paper, and Mr. R. P. Huggins, of Western Gulf 
Oil Co., for releasing the data on the Oak Canyon Field. 


Taste I. 
Field Data. 
Oak Canyon Field, California. 
Separator ° ° 470 p.s.i. 
Gravity ° - A.P.I. 
Original reservoir pressure . - 2820 p.s.i. at 7331 ft. 
Pressure on oil sample container ° - 470 p.s.i. at 98° F. 
Pressure on gas sample container ° - 470 p.s.i. at 98° F. 
Producing gas—-oil ratio . 700 cu. ft./bbl. 
Reservoir temperature . - 178°F, 
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Taste II. 
Data Obtained in Expansion Factor and Solubility Determination. ) 
Oak Canyon Field, California. *s 
Gas Ex :W. 
Pres- | from | Mave | Stock | “Tank | space | | ten 
sure Gas in Oil, in Zz Bomb actor 
Gauge. | Solution cu. ft./ | Bomb at 0 
(ml). (ml.) bbl. (ml.). 178° F. Oil), ‘D. 
2825 491 | 9981 144-2 809 243 | — | 0770 | 9520 | 1-375 G 
2390 1585 | 8396 121-2 679 9-49 3-93 | 0-798 91-27 1-318 5 B. 
1910 | 1641 6755 97:5 547 12:32 | 3-93 | 0-808 | 87-34 1261 U 
1485 | 1342 5413 73:1 438 13-44 3-22 | 0832 | 8412 1-215 ‘B 
1090 1162 | 4251 61-4 344 16-11 2:75 | 0-849 | 81-37 1-175 ~ 
715 | 1153 3098 44-7 251 24- 2-73 | 0-872 78: 1-136 M 
360 1059 2039 29-4 165 47-71 2-77 | 0-915 75-87 1-096 7 B. 
0 2039 0 0 0 8-37 67-50 Pp 
— I 
Initial oil volume at 60° F. = 69-25 ml., A.P.I. gravity = 34-6°. 'B. 
Residual oil volume at 60° F. = 64-4 mi, A.P.1. gravity = 31-7°. T 
E 
Taste III. 
For Volumes for 125° F. me, 
Gas-—oil ratio 199 407 736 1268 1936 2994 L 
Bubble-point pressure 583 1468 2560 — U 
Bubble-point volume 1-119 1-206 1-336 ¢.] 
Pressure. 
650 1-118 1-943 3-235 5-500 ne 
800 1-117 1-663 2-724 4-460 6-515 
1000 1-115 1-444 2-224 3-566 5-240 
1250 1-113 1-282 1-897 2-930 4-200 6-310 D 
1500 1-1ll 1-207 1-700 2-530 3-558 5-290 uB 
2000 1-106 1-198 1-466 2-060 2-806 4-052 D 
2500 1-103 1-188 1-350 1-811 2-407 3-378 8B. 
3000 1-098 1-180 1-326 1-683 2-181 2-984 G 
Formation Volumes for 150° F. 
Gas-oil ratio 199 407 736 1268 1936 2994 R 
Bubble-point pressure 635 1550 2795 V7 
Bubble-point volume 1-133 1-221 1-352 
Pressure. 
650 1-144 2-068 3-450 — — — 
800 1-132 1-768 2-875 4-850 
1000 1-130 1-530 2-400 3-790 5-614 = 
1250 1-127 1-343 2-004 3-106 4-510 6-690 
1500 1-125 1-246 1-783 2-688 3-830 5-660 
2000 1-122 1-215 1-522 2-172 3-004 4-330 
2500 1-117 1-207 1-393 1-900 2-556 3-590 
3000 1-113 1-202 1-349 1-745 2-296 3-164 
Formation Volumes for 178° F. 
Gas-oil ratio 199 407 736 1268 1936 2994 
Bubble-point pressure 685 1640 2915 
Bubble-point volume 1-153 1-241 1-370 
Pressure. 
650 2225 3-780 _ 
800 1151 1-884 3-080 _ 
1000 1147 1614 2534 4010 5-995 _ 
1250 1145 1410 2128 3344 4922 7-230 
1500 1142 1-297 «1-884 2863 4080 6-080 
2500 1133 «11-2240 3-812 
3000 1-129 1-218 1-369 1-815 2-400 3-350 


i 


& tw 


RESERVOIR FLUIDS BY SURFACE RECOMBINATION EXPERIMENTS. 369 


Bibliography. 

1 ¢. K. Eilerts, R. V. Smith, and R. C. Wright, ‘‘ Equilibrium Cell for Investigating 
Properties of Fluids from Petroleum and Natural Gas Reservoirs,” U.S. Bur. 
Mines Rep. Invest. 3514 (1940). 

: W. F. Fulton, ‘“ Laboratory Technique and re for the Study of Con- 
densate,”’ “* A.P.I. Drill. and Prod. Practice,”’ p. 326 (1939). 

3 —D. L. Katz and K. H. Hachmuth, “* Vaporization Equilibrium Constants in a Crude 
Oil—-Natural Gas Reservoir,’ Industr. Engng Chem., 1937, 29, 1072. 

‘D. L. Katz and C. C. Singleterry, “* Significance of Critical Phenomena in Oil and 
Gas Production,” Trans. Amer. Inst. Min. & Metal. Engrs., 1939, 182, 103. 

. a E. Lindsly, ‘* Solubility and Liberation of Gas from Natural Oil-Gas Solutions,” 

"8. Bur. Mines, Tech. Paper £54 (1933). 

‘ B. H. Sage and W. N. Lacey, “Phase Equilibria in Hydrocarbon Systems: I,— 
Methods and Apparatus,” Industr. Engng Chem., 1934, 26, 105. 

’ B. H. Sage and W. N. Lacey, “* Phase Equilibria in Hydrocarbon Systems: V.— 
P-V-T Relations and Thermal Properties of Propane,” Industr. Engng Chem., 
1934, 26, 1218. 

‘ B. H. Sage and W. N. Lacey, “‘ Apparatus for the Study of Pressure-Volume-— 
Temperature Relations of Liquids and Gases,’’ Trans. Amer. Inst. Min. & Metal. 
nw Pet. Div., 1940, 186, 136. 

E. Webber, “ "Equilibrium Constants for Hydrocarbons in Absorption Oil,” 
a” Amer. Inst. Min. & Metal. Engrs, Pet. Div., 1940, 186, 192. 

 C. K. Eilerts and M. A. Schellhardt, ‘ Flow Characteristics, Composition and Some 
Liquid-Phase Properties of Hydrocarbon Fluids from a ‘Combination Well,’” 
U.S. Bur. Mines Rep. Invest. 3402 (1938). 

“C.K. Eilerts, R. V. Smith, and A. B. Cook, “‘ Properties of a Petroleum Reservoir 
Liquid and Its Residua, with Application of the Data to Production Problems,” 
a" .5. Bur. Mines Rep. Invest. 3474 (1939). 

R. Dodson and M. B. Standing, ‘‘ Phase Behaviour of Naturally Occurring 
Systems,”’ A.P.I. Drill. and Prod. Pract.,” 326 (1941). 

8 R. Van, A. Mills, and R. E. Heitecker, ‘“‘ Volumetric and "APL Gravity Changes 
Due to Solution of Gas in Crude Oil,” U.S. Bur. Mines Rep. Invest. 2893 (1928). 

“ B. H. Sage and W. N. Lacey, ‘‘ Formation Volume and Viscosity Studies for 
Dominguez Field,” “‘ A.P.I. Drill. and Prod. Pract.,”’ p. 141 (1935). 

's B. H. Sage and W. N. Lacey, “ Formation Volume and Energy Characteristics of 
Gas Cap Material from Kettleman Hills Field,” “* A.P.I. Drill. and Prod. Pract.,” 
p. 158 (1936). 

‘“* B. H. Sage and H. H. Reamer, “‘ Volumetric Behaviour of Oil and Gas from the 
Rio Bravo Field,” Trans. Amer. Inst. Min. & Metal. Engrs, Pet. Div., 1940, 136, 
179. 

 M. B. Standing and D. L. Katz, “ Density of Crude Oils Saturated with Natural 
Gas,”’ Trans. Amer. Inst. Min. & Metal. Engrs., Pet. Div., 1942, 146, 159. 


re 
‘tor 
nk 
18 
él 
15 
75 a 
3 
06 


370 


OIL PROSPECTS IN PORTUGAL. 
By A. Bresy THompson (Fellow). 


Ir is not without a certain amount of diffidence that I present this 
paper on the oil prospects of Portugal, as I feel that there are others 
better qualified to perform the task. The field work upon which the 
attached material is based was mainly conducted by Mr. Clive Mendelsohn, 
under the supervisory direction of the late Mr. James Romanes, and 
my personal participation was more particularly restricted to guiding the 
course of the operations and discussing with my colleagues on the ground 
the best course of action at various stages in the investigation after mar- 
shalling all collected data. Certain submissions made in the paper may 
be regarded by some as somewhat unorthodox, and perhaps unwarranted, 
but they represent qualified or tentative conclusions reached after repeated 
visits by all parties to the areas described, and interchange of views on 
the dynamics of folding, source of oil, and allied subjects. They are, 
however, stated with an open mind, in the hope that other, and perhaps 
more rational explanations may be suggested for such curious structures 
designated as “ tiphonic ” by Paul Choffat. 

It would be ungracious to refrain from mentioning the very generous 
assistance given by Mr. Saldanha, a talented Portuguese mining engincer 
working at the Lisbon University. His profound knowledge of local 
geology proved extremely helpful, and he not only gave us the benefit of 
his experience, but he also proved a delightful field companion and a 
cheerful worker. To Mr. Saldanha must be accorded the credit for the 
laboratory examinations and determination of cuttings from the borehole 
at Torres Vedras, thereby facilitating the preparation of a very com- 
prehensive log. 

Thanks are due to the Anglo-Portuguese Oil Co. for permitting the 
publication of this paper. 

For our knowledge of Portuguese geology we are largely indebted to 
Paul Choffat, who, with J. F. N. Delgado, prepared and published maps 
and data which have furnished the basis of all subsequent geological 
studies. So thorough and trustworthy was this early work that no later 
acquired data have seriously modified the general conclusions then reached 
concerning the main structure of the country and the age of the rocks 
exposed. Although sedimentary rocks varying in age from Palzozoic to 
Recent are represented in Portugal, it is strata of Mesozoic age that chiefly 
concern those interested in petroleum prospects, as no manifestations of 
its presence have been found in rocks older than Triassic. Igneous and 
Paleozoic rocks cover more than half the country, with or without a 
veneer of Tertiary or Quaternary deposits; and it is only in the western 
central part of Portugal and a strip along the southern coast that a well- 
represented succession of Mesozoic strata are found. Chief interest to 
an oil geologist lies in the belt of Mesozoic formations that extends in a 
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PORTUGAL: SHOWING APPROXIMATE MESOZOIC-PALZOZOIC CONTACT AND 
SITUATION OF SURVEYED OIL STRUCTURES. 
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north-easterly direction north of Lisbon, more or less in alignment with 
the Atlantic seaboard. Within this strip of country west of the Tagus, 
which river itself closely follows the prevailing line of strike, strata have 
been subjected to stresses which have been relieved by flexures exposing 
highly disturbed strata about their axial parts. 

Although at times the folding appears simple, and is clearly reflected 
by topography, a closer inspection proves that there is much faulting and 
that the cores of many flexures are extremely disturbed and bring to the 
surface a confusing complex of Infralias beds. A major, angular uncon- 
formity separates the Infralias from the overlying rocks. This uncon. 
formable junction may be followed in outcrop for many miles in the east, 
distant from the disturbed region of the west. The central part of the 
major uplifts alongside which oil-showings are found, exposes a highly 
disturbed jumble of dolomitic limestones, vari-coloured shales, and often 
eruptive rocks, and to these zones of disturbance Choffat gave the designa- 
tion of “ tiphonic ”’ areas. 

Manifestations of petroleum take the form of oil seepages, outcrops of 
petroliferous or bituminous sands, films of oil or dried or viscous bitumen 
in limestone cracks, or liquid oil in calcite-lined geodes of vesicular lime- 
stone, fragments of bitumen, etc. Indirect, supporting evidence lies in 
the frequency of saline, sulphate, or sulphurous waters, sometimes thermal 
in the region of oil-shows and tiphonic structures. 

References are found in the literature to various attempts to work the 
asphaltic rocks which were considered sufficiently rich in bituminous 
content at some places to warrant its abstraction. In 1857 a bituminous 
sand deposit was worked at Canto d’Azeche, and in 1865 an English com- 
pany sank a number of pits in a rich bituminous sand at Granja, Monte 
Real. At Sismaria, in the same district, some work was undertaken on 
an outcropping richly impregnated sand; and as early as 1850 Carlos 
Ribeiro is credited with sinking several abortive wells for oil. Torres 
Vedras seems to have attracted the attention of oil-minded people at an 
early date, but perhaps the first serious oil-drilling effort made in Portugal 
was on the initiative of Mr. Coll Taylor, a Lisbon resident of British 
nationality who, with Mr. Bravo, a Lisbon merchant, induced my firm 
to inspect certain areas in 1905. Following a visit of some weeks, when 
the only form of transport available was the slow country cart or horse, 
an English company was constituted to drill on a concession at Torres 
Vedras. A Star rig was used, and a depth of 740 ft. was attained before 
the loss of a bit caused the suspension of operations. This work was 
directed by the late William Calder, a member of the Institute. Showings 
of oil and gas were encountered, but no production was obtained. Other 
shallow wells proved likewise abortive, although signs of oil were frequent 
in all. 

The Geological Formations recognized in Portugal are as follows :— 


Recent and Pleistocene Alluvium, Dunes 
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WELL 1. TORRES VEDRAS. VIEW LOOKING EAST ALONG CREST OF ANTICLINE. SANDY- 
SHALE SERIES OUTCROP IN FOREGROUND, LIGHT GREY LIMESTONES OUTCROP ON 
HILLS IN BACKGROUND, 


WELL 1. TORRES VEDRAS. VIEW LOOKING WEST ALONG CREST OF ANTICLINE WITH 
VILLAGE OF VARATOJO ON HILLS IN DISTANCE. OUTCROPS OF OIL SANDS OCCUR 
ON HILL BEHIND THE DERRICK. 
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TORRES VEDRAS. VIEW OF TOWN FROM ONE OF THE OUTCROPPING (ABADIA) BITUMINOUS LIMESTONE 
NEAR VARATOJO, 


TYPICAL SCENERY IN THE MONTE REAL AND CANTO D'AZECHE COASTAL BELT WHERE PINE-CL! 
ALLUVIAL DEPOSITS AND DUNES CONCEAL EVIDENCE OF STRUCTURE. 
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Upper Senonian 
Turonian 
Middle Cenomanian 
Cretaceous 4 
Urgonian 
Lower | Hauterivian 
L | Valanginian 
Portlandian 
Kimmeridgian 
Oxfordian 
Jurassic 4 Callovian 
Dogger Bathonian 
Bajocian 
oarcian 
Lias Charmouthian 
Sinemurian 
"Infralias Lower Sinemurian 
Triassic Hettangian 
( Permian 
Carboniferous { 
Paleozoic + Devonian 
Silurian 
Cambrian 
Pre-Cambrian Schists 


Torres VEDRAS. 


The Torres Vedras structure, which is roughly expressed topographically, 
has a length of 12} km. and an average width of about 4} km., and com- 
prises the two domal areas of Varatojo and Abadia, separated by a central 
complex of rocks older than those on the flanks. Both at Varatojo and 
Abadia valleys have been deeply eroded in the relatively softer Upper 
Jurassic (Abadia) beds, leaving flanking scarps of outwardly dipping 
younger formations which form crescent-shaped edges to the softer Abadia 
group. The fold is, in reality, part of a much longer line of uplift which 
continues westwards to the ocean and northwards to Monte Junto, where 
the land surface rises to 660 m. The centre of the Torres Vedras structure 
is broken by a core of highly distorted and steeply dipping red sandstones, 
shales, and dolomitic limestones of Infralias age, against which uncon- 
formably rest less-inclined crystalline limestones of Lower Jurassic age. 
The structure takes the form of two structural noses plunging in opposite 
directions from the central complex. The regional stratigraphical succes- 
sion as identified by Choffat, Saldanha, and Mendelsohn is given at top of 
p. 374, the total thickness of sedimentaries below the Corallian to Lower 
Lias aggregating 2600 m. 

On the Varatojo (Torres Vedras) nose, where indications of oil are more 
pronounced than on the Abadia sector, the strata dip at angles fluctuating 
between 15° and 40°, the anticline being slightly asymmetric in form, 
with steeper dips on the southern limb than the northern. The Abadia 
beds that form the valley floor and sides of the structure consist of about 
800 metres of greyish shales with ochreous concretionary nodules of 
limonite and fine-grained soft and grey calcareous sandstones, which 
latter, due to weathering of the intervening shales, often stand out boldly 
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Abadia beds Grey shales with concretionary 
limonite nodules, fine-grained 
micaceous and calcareous 


Oxford Shales Laminated argillaceous lime- 


JURASSIC + stones 200 m. 
: Callovian Grey argillaceous limestone say 500 m. 
Middle Bajocian and Grey compact limestones say 400 m. 
(Dogger) Jan 
Lower Upper and Marls and Marly limestones 
Middle about 400 m. 
(Lias) Lower Dolomitic limestones 
Infralias (Lower Sinemurian) 


Dolomitic limestones 
Friable Red and Green 
Marls with gypsum 


as scarps in the vineyards that cover the district. The normal succession 
is broken by occasional strike and oblique faults, and by a few intrusions 
of eruptive rocks, which latter have doubtless risen along planes of rup- 
ture. As the central complex of Infralias is approached, dips steepen and 
discordances are more prevalent, as might be expected nearer the centre 
of main disturbance. 

The River Sizandro tends to follow a line of faulting, and springs of 
mineralized water at Cucos likewise indicate the existence of faults. In 
sections showing such little dissimilarity in the character of the beds, the 
location of faults is not an easy matter, especially as a thick soil covers 
much of the ground. 

On the high ground near the village of Varatojo, not far from the 
Corallian junction, are found some quite imposing outcrops of oil-impreg- 
nated sands, and on the sloping ground to the valley floor there are other 
exposures of bituminous sandstones, all in the Abadia beds. Some of 
the outcropping sands are darkly stained, and most exhibit all the char- 
acteristics of a true oil-sand as found in oil measures. When freshly 
broken they emit a strong and not unpleasant odour of petroleum, and 
on the face of some scarps semi-liquid oil may be observed in joint cracks 
or as trickles of solidified oil which has defaced the surface. It is par- 
ticularly noticeable that where the sandstones are hard and calcareous, 
oil occurs only in the softer uncemented parts and along cracks or joint 
planes. Another noteworthy feature observed is a definite relationship 
between oil-showings and faulting, for distant from faults little or no 
evidences of oil are to be found. 

The limestones underlying the Abadia series in the Varatojo sector 
give widespread proof of their petroliferous character. Near the Cabrito 
railway tunnel, which pierces the limestones just east of Torres Vedras, 
bituminous matter is seen filling the innumerable joint cracks and calcite- 
lined veinlets which permeate the mass, and semi-solid lumps of asphalt 
have formed at some points where oil has exuded and congealed. 

Much the same geological conditions pertain in the Abadia section of 
the structure. Here also a considerable expanse of Abadia beds is exposed, 
dipping at angles of between 10° and 25° until near abutment with the 
Infralias, when they rise to 55° or more. Scarps of Corallian limestone 
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almost encircle the picturesque valley, and on the slopes to its floor good 
outcrops of the formations are found. Oil-sands are less numerous than 
in Varatojo, but nevertheless several heavily impregnated oil-sands are 
seen in the immediate vicinity of faults. A few developments of igneous 
rocks show, as in Varatojo, that lava forced a passage into the beds along 
avenues of weakness. Numerous strike and cross faults break the con- 
tinuity of the beds and bring rocks of different age in contact. 


Morte District. 


The oil occurrences at Monte Real, 12} km. north-west of Leiria, are 
found on the western edge of a “ tiphonic”’ area, in which are exposed 
severely contorted and intricately faulted, steeply dipping Infralias rocks, 
invaded at places by igneous dykes or bosses. The axis of this belt of 
disturbance runs nearly north and south for a distance of 11 km., following 
the direction of the Liz until that river turns abruptly westwards to the 
ocean. Beyond the river the zone of disruption can be traced as far 
north as Monte Redondo by a line of ophite domes. Near Monte Real 
the affected region widens and an east-west group of eruptive bosses 
denotes a transverse line of rupture. 

Where exposed, the Infralias is composed of yellow dolomitic lime- 
stones and hard dark grey limestones over red and green gypseous marls, 
and the very typical thin bands of glistening platey limestones. 

Important deposits of gypsum are also found in the district and quarried 
in open cast workings. 

A major part of the territory in this region consists of plateau covered 
by Pliocene and Recent deposits thickly overgrown with forest, but the 
River Liz has carved out a passage in these superficial beds exposing 
sections of the lower strata. To the east of Monte Real, Middle Cretaceous 
sandstones make a faulted contact with the Infralias for several kilo- 
metres. On the western limb of the structure Cretaceous strata are also 
found in juxtaposition to the Infralias both north and south of the River 
Liz at Granja and Sismaria respectively. 

At Granja, 2 km. west of Monte Real, an oil-impregnated sandstone of 
Middle Cretaceous age is exposed for some distance on the surface before 
passing beneath the alluvium of the River Liz. At one time attempts 
were made to exploit this deposit commercially for asphalt production. 
Here the oil-saturated sandstone rests unconformably upon steeply dipping 
Infralias limestones which in places have reversed dips. It was thought 
that this sandstone might be in part of Upper Jurassic age. As elsewhere, 
the degree of impregnation bore a relationship to the extent of induration 
by caleareous cementation. In the harder sandstones, oily matter occurs 
only in joint cracks, slip planes, and the like. 

At one point in the Granja outcrop metamorphosed Infralias lime- 
stones are seen in contact with igneous rocks, but nearer the river-bed 
red and green marls, platey limestones and gypsum denote the position 
of the Infralias. 

Along the direct line of strike north of the River Liz at Sismaria oil- 
impregnated Cretaceous sandstones are found resting unconformably 
upon steeply-dipping Infralias limestones. Nearer the river, oil-saturated 
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Pliocene sands immediately overlie the same limestones, which themselves 
showed oil in fissures and cracks. 

In addition to these positive and direct manifestations of oil in the 
Monte Real district, there are indirect evidences of hydrocarbon influences 
in the presence of springs of saline, sulphate, and sulphurous waters that 
issue at various spots in the tiphonic belt. Monte Real owes its fame 
and popularity to the alleged benefits patients derive from bathing in the 
mineralized waters, in addition to the pleasing surroundings for holiday- 
making. 

Prior to the cessation of operations due to war conditions, a site had 
been provisionally selected for drilling west of the oil shows at Granja, 
where it was expected to strike more gently dipping and less disturbed 
beds some distance from the crumpled Infralias. 


Canto D’AZECHE. 


Distant about 24 km. south-west of Monte Real, on the Atlantic sea. 
board, an outcrop of upturned Infralias strata marks the existence of 
another tiphonic area, and associated with it are found showings of oil. 
Much of the surroundings of Canto d’Azeche are covered with pine-clad 
Pliocene beds and Recent Aeolian sands which conceal the Mesozoic 
rocks known to underlie these deposits. Such observations as could be 
made pointed to the axis of the disturbed belt taking a north-east direc- 
tion after curving westwards near Canto d’Azeche. In one locality where 
the cliffs on the shore-line are deeply eroded, there is an exposure of 
gypseous marls and upturned dolomitic limestone of the Infralias, against 
which coarse Cretaceous sandstones make unconformable contact on the 
south-east side and soft micaceous Pliocene sands on the north. Both 
these sandy bodies are highly bituminous where they come in contact 
with the Infralias; and the Infralias limestones likewise show oil in joint 
cracks and fissures. At one time these rocks were worked for asphalt 
production. 

A single exposure of Infralias at Paredes about 1 km. distant to the 
north-east from Canto d’Azeche also showed oil in the limestones. 

Proceeding northwards along the coast from Canto d’Azeche, western- 
dipping Middle Liassic limestones can be traced on the cliffs for a distance 
of 6 km., representing the west era flank of the anticline. 

To the east of San Pedro de Muel a group of eruptive igneous bosses 
have been located beneath the Pliocene and Recent alluvials that cover 
much of the terrain, and these are in some cases flanked by Infralias 
limestones. At Pedras Negras there is a coastal outcrop of the typical 
Infralias beds. 

ARRUDA DoME. - 


Some 3 km. north-east of Arruda there is to be seen a beautifully sym- 
metrical dome on which low-dipping Upper Jurassic beds are exposed 
in the central part. Due to the relatively soft nature of the Abadia beds 
forming its axis, a pronounced depression has been formed by erosional 
influences, leaving a bold surrounding scarp of the more resistant Corallian 
limestone which clearly outlines the structure. This encirclement of 
limestones is brokeff only where surface drainage has carved out a gap. 
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Faults cross the structure, but only one seems to have any considerable 
throw. Several ridges and bosses of basalt form prominent landmarks 
in the topographic basin, and the bordering fault-breccias make it clear 
that the lava has risen through fault planes or fissures. Dips in the 
Abadia beds are fairly consistent at about 4-5°. 

Although diligent search was made, no signs of oil were found during 
the survey, even in the vicinity of faults, but the proximity of this dome 
to a tiphonic area showing evidences of oil gives it very definite interest. 
In the absence of any other reasonable explanation, the formation of 
such a symmetric structure was attributed to upheaval by some deep- 
seated central body, the nature of which is discussed elsewhere in the 
paper. Failure to find showings of oil could not in itself be regarded as 
proof of its non-existence at depth where a considerable thickness of 
competent strata might be expected, closure ensuring prevention of 
leakage of oil or gas. 

Dome. 


This very striking domal structure derives unusual interest, as it lies 
15 km. north-west of Lisbon and 3} km. north of the town of Belas. Its 
shape takes the form of an elongated dome with its longest dimension in 
an east-west direction, and the Upper Jurassic limestones forming its 
centre are exposed over an area of about 4 sq. km. The centrally out- 
cropping limestones dip at low angles, and are surrounded by gently 
dipping Lower and Middle Cretaceous strata clearly defined by pine trees 
which thrive on the sandy soils covering the sandstone formations of that 
age. Part of the dome has been deeply eroded by water action, leaving 
clearly developed scarps where observations can be made. 

Several igneous intrusions on the south-east side of the dome take the 
form of long dykes in general alignment with the strike of the beds, and 
are clearly associated with faulting or fissuring. The limestones in con- 
tact with these dykes show signs of heat metamorphism. No showings 
of oil were discovered during the survey of this area, but it was generally 
agreed that such a regular structure warranted test drilling. This struc- 
ture, it was realized, is not far from a region of great volcanic activity of 
post-Cretaceous age centred round Cintra, but the low dips of around 
10° and the presumed presence of a considerable thickness of little dis- 
turbed Jurassic rocks were considered to outweigh other objections. The 
only outcrop of deeper Jurassic beds in the district does not exhibit a 
facies of the Torres Vedras (Abadia) type, and it may be that the litho- 
logical character of the underlying beds differs from that farther north. 

Very naturally the mode of formation of such a domal structure was 
critically debated, and it was generally agreed that it was due to uplift 
by some deep-seated mass such as a laccolith. If due to a volcanic intru- 
sion into the sedimentaries, the extent of its interference could only be 
ascertained by drilling, and the presence of gas was regarded as a possi- 
bility. The development of a gas-field so near Lisbon would be a very 
valuable asset. 

ALGARVE. 


The occurrence of a belt of Mesozoic rocks in the Province of Algarve, 
along the southern coastline of Portugal, was the sole cause for extending 
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geological investigations to that quarter. No showings of petroleum 
had been reported from the district, and a geological survey led to no 
encouraging conclusions being reached. Two anticlinal structures were 
mapped where Jurassic rocks are exposed in the neighbourhood of Loulé 
and Guilhim, north of Faro. The Guilhim dome exposes about its axis 
oolitic limestones, and on the flanks grey marls and marly limestones, 
both of Middle Jurassic age. The anticline is asymmetric in form, with 
dips around 50° on the south and 28° on the northern limb, but the strata 
are disturbed and faulted, with much consequent discordance of dip and 
strike. There is little or no flattening of dips about the axis, which is 
delineated solely by a reversal of dips. The position of faults is marked 
by steeply dipping or even vertically disposed beds. Some of the hard 

estones break with a conchoidal fracture, and, when struck, those of 
a somewhat darker colour emit that distinctive odour that gives to lime. 
stone the common appellation of stinkstone. A strong spring of sweet 
water rises at one spot and flows down a gulley in which many wells are 
sunk for local domestic water requirements. 

The Loulé dome is somewhat larger, and on its axial part marls and 
marly limestones of Middle Jurassic (Callorian) age outcrop, followed on 
its limbs by hard compact limestones of Upper Jurassic age. Here like- 
wise the axis is marked only by a reversal of dips, with no arching or 
noticeable diminution in the angles of dip, which average about 20°. 
The beds are much cracked and faulted. 

The only springs seen in this district yielded fresh potable water, neither 
saline nor sulphurous, thereby discouraging the views favouring an upheaval 
due to Infralias influences. 

No other regions that were visited seemed to merit geological mapping 
or more than casual attention for procuring consequential information. 


Or1GIN OF STRUCTURES. 


From the descriptions given of districts showing indications of petroleum, 
it will be self-evident that all manifestations of its presence are found 
near so-called tiphonic areas, where the central core of folds is a highly 
disturbed complex of Infralias beds. Although many of the most striking 
exposures of oil-impregnated strata appear on the flanks of such disturbed 
areas, the connection is none the less convincing. The Infralias complex 
and the condition of the neighbouring strata exhibit so many of the features 
that one has come to associate with salt domes that one’s imagination is 
almost instinctively inclined to this mode of formation for the tiphonic 
areas. The origin of these “ tiphonic ” areas has never, to the knowledge 
of the writer, been satisfactorily explained, and the novel and expressive 
designation given to them by Choffat rather denotes his uncertainty about 
their formation. At the date when he worked on the geology of Portugal 
little was known concerning salt-dome geology, or about the flowage of 
salt and gypsum under pressure; indeed, the origin of salt domes was 
the subject of all kinds of speculation. 

Wherever exposed to view, the hearts of these structures appear as a 
crumpled conglomeration of limestone, dolomites, shales, more or less 
mingled with gypsum and eruptive rocks, and although salt as such in 
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solid form has nowhere been reported, this does not necessarily infer 
that it has never existed or that it does not occur in places. Waters rich 
in sodium chloride are about as frequent as the sulphate variety near 
tiphonic areas, proving the presence of salt somewhere in the immediate 
vicinity. Gypsum and salt are so commonly and obviously connected 
that the discovery of the latter would be no occasion for surprise. It 
may be recalled in this connection that the presence of great masses of 
rock salt on the Red Sea littoral of Egypt was only disclosed by drilling, 
although gypsum was almost everywhere in evidence. 

These typhonic areas seem to bear many resemblances to salt-dome 
structures about which the flowage of salt and gypsum towards points of 
pressure relief have transmitted to superincumbent and neighbouring 
strata deformation that varies in degree with the character of the strata 
in contact. Whereas unconsolidated plastic sediments yield readily with 
a minimum of disruption when pierced, harder compact rocks suffer a 
considerable amount of faulting and shattering, typically exemplified by 
the salt domes of Germany. Such hard rocks as those constituting much 
of the Infralias and Lower Jurassic formations of Portugal would neces- 
sarily suffer much formational disorder from an intruding mass. The 
frequent presence of intrusive igneous rocks introduces an unusual factor 
into the question, but as most of these invasions are of an age much later 
than those immediately concerned, it points to the view that the Molten 
Magmas used for their escape avenues of weakness formed by earlier 
disturbances. Another complication arises from the fact that the tiphonic 
areas in some cases lie on the edge of the main tectonic uplift, and not 
along the axis, as might be expected. However, there may be unrevealed 
reasons for this departure from what would seem to be the most obvious 
line of weakness. Salt-dome growth may commence at any period and 
at any spot where conditions favour its initiation. 

The Arruda and Belas domes must await exploration with the drill for 
a solution of their origin, but their regularity and form virtually precludes 
acceptance of the usual explanation of cross-folding for doming. In the 
absence of any more rational interpretation, their form is attributed to 
vertical uplift by some rising deep-seated body of the character of a 
laccolith. Although the Belas structure is far removed from the province 
of known Infralias eruptions, the presence of an incipient saline bulge 
cannot be dismissed offhand; and in the case of Arruda it would appear 
a perfectly justifiable deduction. The Belas dome lines well within terri- 
tory that has been subjected to intense volcanic activity and is, in fact, 
only a short distance from the granite mass of Cintra, so that a laccolitic 
origin cannot be entirely ignored as a possible cause for its origin. Intru- 
sive igneous dykes pierce the sedimentaries at several places, but their 
presence gives no particular countenance to a volcanic origin, as they are 
found in practically all the main structures with which this paper deals. 

The Guilhim and Loulé domes in Algarve present features which do 
not admit of a simple explanation, although they appear to be too far 
removed from known tiphonic areas to associate them with salt-dome 
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Source oF PETROLEUM. 


Very naturally as much thought has been given to the possible source 
of oil in Portugal as in other countries, with perhaps as little success as 
has rewarded explorers in other countries where extended developments 
alone have for practical purposes eliminated all but a single or several 
genetic sources. No positive conclusion has been reached, although 
collected evidence points to an Infralias or Triassic origin. Once the 
source of oil in a territory has been determined, many other considerations 
are influenced and the extent of investigations restricted to prescribed 
limits. Only Jurassic strata seem to warrant consideration as possible 
source-beds, except the Infralias, for such oil-shows as are found in 
Cretaceous and Tertiary formations undoubtedly owe their presence to 
migration. Jurassic strata do contain bands of shales in places which 
might have contained sufficient macerated organic matter suitable for 
conversion into oil. The Upper Jurassic (Abadia) beds as exposed at 
Torres Vedras have the appearance of source-beds, for arenaceous bands 
are quite subsidiary in extent to argillaceous, and their general aspect and 
constitution are reminiscent of oilfield lithology as viewed in other parts 
of the world. In the Varatojo nose many of the sands are richly impreg- 
nated with oil, although such appear to be connected with faults, but on 
the Abadia nose strata identical with those of Varatojo show few signs of 
oil, and those observed are most certainly connected with faulting. The 
Abadia beds at Aruda presenting the same facies as at Torres Vedras 
likewise show no signs of oil. These facts rather discourage an indigenous 
and support an adventitious origin for petroleum found in the Abadia 
series. 

Lower Jurassic strata are a potential source of oil genesis, although a 
preponderance of limestones is an adverse factor in the eyes of the writer, 
who is perhaps unfairly biased in the matter of limestone origin. One 
fact does, however, merit serious thought—namely, the presence of true 
oil-shales in the lower Lias. Where exposed at Peniche, 8. Pedro de 
Muel, and Quiaios, the seams are thin and unimportant, but on subjection 
to heat they decompose, emitting the strong oily odour recognizable by 
most oil geologists. These shales would certainly undergo distillation on 
subjection to the heat from hot igneous magmas, and the resulting hydro- 
carbons could travel in a gaseous or liquid form into any nearby formation 
favourable for reception. This has happened in many parts of the world, 
as in Scotland and South Africa, producing small oil- and gas-fields in some 
instances. Against this hypothesis is the fact that such oil as is found 
in Portugal has properties more characteristic of a natural oil than that 
of a shale distillation product. Nevertheless, it is irrational to deny 
such an eventuality, although no actual contact between oil shales and 
voleanic dykes has been seen where neighbouring suitable beds would 
be expected to be bituminous. 

The argillaceous limestone of the Lias are very petroliferous in places, 
but they are for the most part hard and compact, showing oil or bitumen 
only in the numerous cracks, crevices, and vesicles which permeate their 
mass. Near the Cabrito tunnel at Torres Vedras the compact limestones 
are particularly petroliferous, stringlets of soft or indurated bitumen in 
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yarious stages of consistency filling innumerable veinlets or collecting in 
calcite-lined cavities. The occurrence of oil under such conditions favours 
a migratory origin from some deeper source rather than its formation 
from some occluded organic substance; and the conclusion was reached 
that the oil must have originated in some deep-seated formation in or 
below the Infralias and about which we have no knowledge. 

The few occurrences of oil in beds of Cretaceous age and other strata 
newer than Mesozoic are almost certainly due to vertical or lateral migra- 
tion via lines of fissuring. 

REsULTs. 


Unfortunately the commencement of drilling was coincident with the 
early stages of the present war, and this naturally imposed a whole host 
of obstacles in the way of procuring and shipping plant and materials. 
Nevertheless, after disheartening delays and irritating hindrances, a start 
was made at Torres Vedras on 19th December, 1939, on a location that 
it was thought would yield valuable evidence, if not tangible results. As 
a compromise between a full-sized development rig and an exploration 
outfit, the machine selected was a Wilson Super-Model Portable Rotary 
considered good for 4000 ft. It was deemed expedient to postpone order- 
ing a heavy drill for several reasons, including the obtaining of more 
precise knowledge of the hardness of the rocks it would be necessary to 
attack, and the recognized need for training local personnel speaking only 
Portuguese. Many of the sandstones and crystalline limestones would, 
it was appreciated, prove very destructive to bits, whatever the kind 
used, and drilling in inclined and fissured rocks would, it was felt, not be 
easy. As fuel is scarce and expensive in Portugal, it was determined, 
not without misgivings, to employ diesel engines for power, notwith- 
standing their manifest disadvantages in a new field. Rock-bits and 
Zublins were included in the cutting tools specified. Qualified staff 
proved difficult to engage in war-time, and no men with useful experience 
could be found locally, so a commencement was made on two shifts with 
one skilled driller for each tour. 

As luck would have it, the site selected for the well on a piece of flat 
land convenient of access from the main road proved to lie directly above 
one of the gritty calcareous sandstones in the Abadia beds, and the making 
of the rat holes and the drilling of the first 180 ft. in the equivalent of a 
grindstone proved a very tedious and lengthy performance, with in- 
sufficient weight to give the bits a bite. However, once away, the rate of 
progress was highly commendable, especially so since through illness and 
accidents to staff three tours were rarely run, and often only a single tour 
of eight hours. The execution of repairs involved exasperating delays, 
and failure to find adequate water supplies made it necessary to lay a 
pipe-line from the Sizandro river at a point where it was said to have a 
perennial flow near the Cabrito tunnel. 

Showings of oil were first encountered at 300 ft., and then continued 
at intervals in the Abadia sand and shale series, which was left at about 
700 ft. to enter compact argillaceous limestones. The change was quite 
abrupt, with no noticeable transition stage. Faint signs of oil were 
noticed in the limestones at intervals, taking the form of oil odours and 
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blobs of heavy oil in the returns. At about 1000 ft. a fault zone was 
indicated by the appearance of a breccia in a core and the presence of 
much calcite with more pronounced oil-showings and some fresh oil in 
goedes. At 1320 ft. a better showing of oil was met with, but at 2000 ft. 
the mud returns brought up more oil than had hitherto been seen. Coin. 
cident with this oil-strike, coring showed a marked increase in the dip of 
the limestones, with signs of brecciation, slickensiding, and calcite-lined 
fissures. Oil was visible in hair-like cracks in the limestone. Increasing 
dips were measured up to 65° before reverting again to about 30° at 
2100 ft., clearly denoting the passing of a faulted zone. Between 1900 ft. 
and 1970 ft. the showings of oil and gas were very strong, and the drillers 
considered the well good for a yield of from 20 to 30 bris. a day. A drill- 
ing rate of about 10 ft. per hour was made at this point. A fair amount 
of oil collected on the mud pit, and on examination was found to have a 
density of 0-928. The decision was reached to proceed deeper without a 
cementation or test, but although a depth of 3820 ft. was eventually 
attained, no more than slight traces of oil were encountered, showing that 
to the depths reached oil in quantity was confined to fissured and dis- 
turbed ground. At 2170 ft. a lithologic change was noted and many 
samples showed oolitic structure, and again at 2490 ft. white limestones 
indicated another change in the succession. 

From 2300 ft. onwards considerable trouble was occasioned by lost 
circulation, and the adoption of various expedients became necessary to 
obtain returns and release “ frozen” drill pipe. Clay of a suitable con- 
sistency to make mud had to be carted a long distance, as that found 
locally had a poor colloidal property. Cores taken in the latter part of 
the hole showed no trustworthy bedding planes, although etching with 
acid was tried. The deviation of the well from vertical was only 1-5 
degrees. Wear and consumption of rock-bits were heavy, the wastage 
representing about one set of cutters per 100 ft. in the argillaceous lime- 
stone when using 9} Hughes bits. It was considered unsafe to proceed 
deeper, as the rig was showing unquestionable signs of overstrain, and we 
did not wish to risk a serious accident. We were then drilling with 63-inch 
bit and 4}-inch drill pipe. For a test well on new territory the drilling 
results are regarded as highly satisfactory. The averge rate per drilling 
day was 29 ft., but as the average rate per drilling tour was 15-7 ft., it 
is obvious that had three tours been run the daily average would have far 
exceeded the 47-1 ft. indicated mathematically. Drilling tours only repre- 
sented 62-5 per cent. of the total possible tours due to mishaps, delays for 
material, shortage of drillers or such-like causes. Down to 2000 ft. the 
drilling rate per drilling tour averaged 21-5 ft. 

The stripped derrick at Torres Vedras received the full blast of the 
violent hurricane that struck Lisbon and district on February 15th, 1941, 
causing widespread havoc on sea and land. 

Summarizing the results of the Torres Vedras well, although not con- 
clusive, they cannot be regarded as unfavourable for a first test. Once 
the argillaceous-arenaceous Abadia group was passed, the only really 
suitable reservoir rock was the softer brecciated fault zone passed at 
about 2000 ft., and at that point liquid oil of commercial quality was 
struck in some quantity. Many of the cores and cuttings from the lime- 
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as stone showed numerous cracks, with films of oil indicative of the wide- 
of spread movement of oil wherever a path existed for its travel, so that at 
in greater depths, where higher pressures might reasonably be anticipated, 
ft. - production from fractured limestones would appear well within the range 


in- of probability. 


of A local analysis of the oil from 2000 ft. gave the following results :— 


LBP. . 88° 


0-934 at 15° C. 
Dark brown 
2-48 per cent. 
6-09 per cent. 
9-06 per cent. 
0-65 per cent. 


88° 
179° 
272° 


-B.P 
-B.P 
-B.P 


195° 
278°5° 
332-5° 
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THE INSTITUTE OF PETROLEUM. 


A MEETING of the Institute of Petroleum was held at Manson House, 
26, Portland Place, London, W.1, on Wednesday, 14th June, 1944. The 
President, Professor F. H. Garner, was in the Chair. 

A paper on “ Oil Prospects in Portugal” was presented by Mr. A. Beeby 
Thompson. [See pp. 370—-388.] 


DISCUSSION. 


Dr. G. M. Lzes said that, although he had no personal experience of the geological 
conditions in Portugal, he had studied the literature at various times in the past and 
had been very much interested by the curious, complex structural features now 
described by Mr. Beeby Thompson. He thought that the explanation now given was 
the most reasonable one—namely, that they were a manifestation of salt tectonics, 
Similar types of structures were well known in Algeria, and were now generally believed 
to result from salt intrusions. 

It was difficult to pass an opinion on the value of these structures in Portugal for 
giving conditions for accumulating oil in important quantity, but the evidence of the 
oil-sands indicated that a considerable richness of oil-generating conditions did exist. 
As usual in so many oil problems, it was exceedingly difficult to attribute an age to the 
source of the oil. Mr. Beeby Thompson stated that a Palwozoic source was ruled out 
because of the complexity and metamorphism of the adjacent Palzozoic area, but he 
asked whether Upper Carboniferous and Permian were affected by these processes. 

Mr. Beeby Thompson mentioned the presence of oil shales in the Jurassic, but 
rejected the possibility of the free oil being a distillation product from them through 
the agency of the intrusive igneous rocks, as analyses of the samples showed them to 
be of normal crude type. This was a questionable deduction. The shale oil produced 
by a works retorting process contained unsaturated and therefore unstable compounds, 
but it was possible that further change towards stabilization would take place during 
millions of years of underground storage. 

In conclusion, he wished to thank Mr. Beeby Thompson for his most interesting 
lecture and to express admiration for his persistence through a period of more than 
forty years. The name Torres Vedras rang a bell in British memories, and he hoped 
that it was a good omen for a successful outcome of this example of British enterprise. 


Mr. Beresy Tompson said in reply to Dr. Lees that he realized that he was on 
rather weak ground when he spoke of the analysis of the oil as unlike that of a shale-oil 
product, for it was indeed remarkable what high-grade qualities of oil were obtained 
in fields where all evidence pointed to a shale distillation product. Little was known 
to-day of the changes in the character of an oil wrought by time and diffusion through 
many different kinds of strata. 

Consideration had been given to the probabilities of a Paleozoic origin for the oil, 
but the conclusion was reached that these beds were not a likely source of oil. Never- 
theless, there was the probability. Such surprises as those in the Red Sea oil-fields of 
Egypt had greatly upset preconceived notions concerning the genesis of oil in that part 
of the world. 

The PrEstpEnT said in connection with the remarks just made, the oil mentioned had 
@ sulphur content of 2-48, which was rather high. It was somewhat similar to a 
Venezuelan oil. Had any tests been made on the oil obtained from the shale by distilla- 
tion, because if its sulphur content had been about the same it would give some indica- 
tion? If the shale gave a very sulphurous oil, it might have passed through some 
filtering medium. 

Mr. Bessy Tompson replied that they had not troubled to do that. But in the 
sections examined they had found only very thin seams of shale which were regarded as 
an unlikely source. 

There was no further discussion. On the motion of the PRESIDENT a very 
hearty vote of thanks was accorded Mr. Beeby Thompson for his very 
interesting paper. 
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SINTERED GLASSWARE. 
By I. C, P. Smrrs. 


SINTERED glassware of British manufacture is available in all the forms 
which came from Germany before the war, and in many further develop- 
ments. The porosities available as are follows :— 


Pore size 
Porosity. (microns). supplied. 
No. 00 Between 200-500 250-400 


150-200 150-200 
90-150 110-130 
40— 90 55— 75 
15— 40 20— 30 
5on3 . 0-7-— 3 l- 15 


Gooch crucibles are generally employed with No. 3 or No. 4 porosity; 
the former covers the coarser precipitates, such as nickel dimethylglyoxime 
and the silver halides, while No. 4 is required for barium sulphate or lead 
chromate. The range of apparatus, which may be provided with discs 
up to 6 inches diameter, includes Buchner funnels, immersion filters, pres- 
sure filters, pipeline filters, micro-chemical apparatus, extractors for solids 
or liquids, apparatus for gas reactions, and is of particular value for gas 
filtration, gas washing, gas distribution, aeration, etc. Due to the fact 
that the No. 4 disc forms a non-return valve for mercury, the discs may 
be built into vacuum gauges, vacuum controllers, etc. 

’ The majority of the apparatus consists of a disc sealed into a tube or 
other form of apparatus, but the sinter is also available in tube or thimble 
form. 

AGITATION AND EMULSIFICATION. 


The value of sintered glassware in assisting agitation or emulsification 
should be given attention as it may prove useful in certain applications. 
In liquid-liquid extractions or in reactions between immiscible liquids, 
contact between the two liquids is assisted either by breaking the one 
liquid into a stream of fine droplets by passing it through the sinter, or by 
direct agitation by means of a stream of air or inert gas. In each of these 
cases mixing is carried out in conditions which cause little emulsification. 

Fig. 1 shows the application of an air stream in a small reaction tube. 
In this a film of the lower liquid is carried up on each air bubble into the 
upper liquid, separating as a droplet which falls back, keeping up a con- 
tinuous extraction process. Figs. 2 and 3 are liquid-liquid extractors in 
which the sintered disc is arranged to break up the refluxing solvent into a 
stream of fine droplets which will pass either upwards or downwards 
through the liquid to be extracted. Fig. 4 is a sintered glass thimble of 
15 sq. in. area sealed to a glass delivery tube; this will pass 10 cu. ft. of air 
per minute under | Ib. pressure and may be employed for agitation by air 
or, if connected to a low pressure water main, in a washing process. 
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Agitators of an entirely different nature, which have been developed 
by the writer, are shown in Figs. 5 and 6. They are constructed as stirrers, 
Fig. 5 having a coarse sintered disc in each side arm, and Fig. 6 consisting of 
a sintered glass tube of coagse porosity having the lower end brought down 
to an opening; the stirrers, when rotated rapidly in a vessel containing 
two mobile but immiscible liquids, carry the two liquids up through the 
bottom opening and by centrifugal force bring them into intimate contact 
as they pass through the sinter. This action causes fine subdivision of 
the two liquids and greatly increased rate of reaction, but is not applicable 
to those mixtures which are liable to form viscous emulsions. These 
stirrers are, however, valuable in washing, for instance, petrol with sulphuric 
acid or other reagents. 


An MACHINE. 


As a further development of the second form of agitator described above, 
a sintered disc has now been incorporated as the obturator of an emulsifying 
machine. A dise or plug whose porosity and thickness may be varied 
according to the nature of the emulsion to be formed, is clamped into the 
outlet of the emulsifying machine, and has been found to give very good 
subdivision of the droplets with permanence of the emulsion. Application 
has been made for this particular use of sintered glassware. 


CLEANING. 


Cleaning generally, as in the case of crucibles or Buchner funnels, should 
be carried out first by reverse filtration, in order to wash off the pre- 
cipitate; a funnel should not be connected to a high pressure water main as 
the apparatus will not generally stand more than 14 Ib. pressure. 

Following this, chemical means of cleaning should be employed. Organic 
matter may be oxidized off in the case of the coarser filters, using chromic 
mixture or, preferably, and particularly in the finer filters, using strong 
sulphuric acid at 80° C. containing about 1 per cent. each of solid sodium 
nitrate and potassium chlorate. When a small electric muffle is available, 
organic matter or charcoal may be burnt off by putting the article in the 
muffle, raising the temperature slowly to about 550° C., then turning off 
the current and allowing it slowly to cool down again. The heating up of 
small articles should take not less than 1 hour, and the cooling down to 
400° not less than 1 hour, and to 200° a further 1 hour. Small articles may 
be removed at this temperature. In the case of the very large Buchner 
funnels, these times should be at least doubled. 
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ANNUAL GENERAL MEETING. 


Fray, 1944. 


THE ADJOURNED THIRTY-FIRST ANNUAL GENERAL MEETING of the Insti- 
tute was held at Manson House, 26, Portland Place, W.1., on Friday, 
3rd November, 1944, when Professor F. H. Garnzr, President, occupied 
the Chair. 


ANNUAL REPORT. 


The Auditors’ Report on the Accounts was read by the Secretary. 

The Chairman stated that the Annual Report of Council was before the 
meeting, and proposed that it should be taken as read. This was agreed. 

The Chairman then called upon Mr. G. H. Coxon (Chairman of the 
Finance Committee) to present the Annual Accounts. 

There being no questions the Chairman then moved :— 


“That the Annual Report of Council for the year 1943, together 
with the Accounts and Balance Sheet as at 3lst December, 1943, be 
and are hereby adopted.” 


Mr. F. G. Rappoport seconded the motion, which was carried unani- 
mously on being put to the meeting. 


ELECTION OF AUDITORS. 
Dr. F. B. Thole proposed the following Resolution :— 


“That Messrs. Price, Waterhouse & Co. be and are hereby 
appointed Auditors for 1944.” 


The Resolution was seconded by Mr. R. R. Tweed and carried 
unanimously. 


The meeting then terminated. 
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STUDENT’S SECTION (BIRMINGHAM). 


ANNUAL REPORT. 


There have been four meetings of this section during the past year. 
On 2nd November, 1943, Professor F. H. Garner presented two films on 
synthetic rubber to a large audience, which included many visitors. The 
films were “ Synthetic Rubber,” which dealt with the United States war 
production of this commodity, and “‘ Bouncing Molecules,” which explained 
the chemical formule of the various synthetic rubbers manufactured. On 
16th November, 1943, the Final Year Students gave lectures on the sub- 
jects chosen for their theses, the prize for the best thesis going to Mr. A. 
Winward. Two meetings had been arranged for the Lent Term, but 
unfortunately both had to be postponed until the Summer. On 2nd May, 
1944, Dr. Howes spoke on “ Research and Industry.” He stressed the 
important aspect of a research organization as an economic project, and 
explained the essential team work of research. On 16th May, 1944, Mr. 
Southwell talked on the hypothetical case of “The Search for Oil in 
Tropicalia.”” He outlined the problems an oil company faces in searching 
for oil in a foreign country, drawing on his own experience to provide 
examples. 


The following have been elected officers for the Session 1944-1945 :— 


Chairman—M. J. Loxiey. 
Secretary—D. 8. Petry. 
Treasurer—Dr. A. H. Nissan. 


THE CORRELATION OF CETANE NUMBER WITH OTHER 
PHYSICAL PROPERTIES OF DIESEL FUELS. 


The Report of the Diesel Index Panel of Standardization Sub-Com- 
mittee No. 4 on the above subject was recently published in the Journal 
(July 1944, 30 (247), 193). Unfortunately, an error occurred in the 
printing of Figures No. 3 and 4. Both these figures as issued are incorrect. 
They have been redrawn, and at the same time, scales covering specific 
gravity and degrees Centigrade have been incorporated. 

It is recommended that the original Figures Nos. 3 and 4 be removed 
from the July issue of the Journal and destroyed. The enclosed new 
issues of these figures should be used to replace the original ones. 
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